TDP-43 is an essential regulator of RNA splicing and metabolism and its aggregates play key roles in devastating diseases, including Amyotrophic Lateral Sclerosis (ALS) 1 , Frontotemporal Dementia (FTD) and Limbic-Predominant Age-Related TDP-43 Encephalopathy (LATE) 2 . Besides this pathological aggregation, TDP-43's oligomerization also serves vital functions 3 , which adds urgency to determine pathological conformations of TDP-43. The recently published cryo-EM study by Cao, Eisenberg and coworkers now reveals amyloid structures of putative pathological aggregates from TDP-43's C-terminal region 4 . Whereas the Cao et al.'s cryo-EM structures contain both the hydrophobic and Q/N-rich segments, the data were interpreted mainly through the lens of hydrophobic contacts. However, the Q/N-rich region can form amyloid on its own 5,6 and therefore additional considerations of the Q/N-rich segment's contributions will advance our understanding of TDP-43 aggregation.
TDP-43 contains three well-folded domains (residues 1-78, 104-176, and 192-262), and an intrinsically disordered, C-terminal region (residues 265 -414) ( Fig. 1a ) containing two evolutionarily conserved segments, suggesting functional importance. These are a stretch of hydrophobic residues (321-340, colored green in the sequence shown below), followed by a Q/N-rich, prion-like segment (341-363, in red) punctuated by residues with a high turnforming propensity (underscored):
MNFGAFSINP AMMAAAQAAL QSSWGMMGML ASQQNQSGPS GNNQNQGNMQR EPNQ 311 321 331 341 351 361
Cao et al. present the first cryo-EM structures of three polymorphic amyloid fibrils formed by this conserved region of TDP-43, which they called "SegA". In all three polymorphs (named sym, asym, and slow), residues within the hydrophobic stretch (321-340) adopt an essentially identical "dagger-shaped" fold ( Fig. 1b ). Conversely, residues within the contiguous Q/N-rich region (341-360) adopt a variety of conformations, with residues 341-347 being solvent exposed in the two polymorphic structures regarded as "pathologically relevant" (SegA-sym and SegA-asym) ( Fig. 1b ). This contrasts previous results by Hasegawa and coworkers, who characterized TDP-43 fibrils derived from two post mortem ALS patient brains using mass spectrometry 7 , and found that Q and N residues within the Q/N-rich stretch, and especially within the 341-348 stretch, were scarcely modified in both brain samples ( Fig. 1a ). This points to these residues being protected inside the fibrillar core in pathologically relevant, in vivo TDP-43 aggregates, which is consistent with our structural model of the TDP-43 amyloid, formed by β-hairpins composed of residues 341-357 assembling with a β-turn configuration 5,6 .
Cao et al. also reported the structure of a third polymorph, SegA-slow. Unlike SegA-sym and SegA-asym, the entire Q/N-rich segment is visible in SegA-slow, and therefore it could have been compared to the structural model for the Q/N-rich region advanced by Mompeán et al. 6 . In particular, the Q/N-rich segment in SegA-slow adopts β-hairpin conformation, where residues 341-348 are buried in the fibril core ( Fig. 1c ), in agreement with the data from brainderived pathological aggregates discussed above 7 , and contrasting the conformations in SegA-sym and SegA-asym.
The β-hairpin in the SegA-slow structural model has a β-arc configuration, where each of the two β-strands contributes to two different β-sheets ( Fig. 1c ). By contrast, in our model, βhairpins are in the β-turn configuration, and the two β-strands contribute to the same β-sheet ( Fig. 1c ). Interestingly, our previous results indicate that β-arc hairpins formed by the Q/Nrich segment cannot seed the growth of amyloids, whereas the β-hairpin with a β-turn configuration can 6 ( Fig. 1d ). Perhaps in the SegA construct, the presence of the 311-320 nonpolar segment (in blue, Fig. 1a ) confers the flexibility necessary for a preferential hydrophobic-driven assembly (i.e., initial formation of the dagger-shaped structure by residues 321-340), which limits the conformations that the remaining Q/N-rich segment (residues 341-360) may adopt (note that the Q/N-rich region is pruned right at the edge in SegA, Fig. 1a ). In this regard, we note that β-arc hairpins are commonly seen in predominantly hydrophobic amyloids, whereas Q-rich fibrils feature hairpins with β-turns 8 .
According to the study by Hasegawa and coworkers cited earlier 7 , the M, S and Q+N residues of the hydrophobic stretch that form the dagger-shaped structure in SegA were oxidized, phosphorylated and deamidated, respectively, in both ALS brain samples. This suggests that they are relatively exposed in bona fide TDP-43 fibrils in vivo (Fig. 1a) , and that Q/N-driven amyloids may be more relevant. There is additional evidence pointing to the ability of the Q/N-rich segment to drive the assembly:
1) TDP-43 constructs with repeats of the Q/N-rich segment are able to induce and reproduce ALS pathological hallmarks in cells 9 .
2)
H-bond hypercooperativity among aligned Q/N side chain amide groups are exceptionally strong and decisively stabilize Q/N-rich amyloid structures, including TDP-43, with respect to their hydrophobic counterparts 6, 10 .
3) Distinct aggregates of TDP-43 from different pathological tissues are reminiscent of prion strains 11 In this regard, TDP-43 remains functional when replacing its C-terminal domain with a Q/N-rich prion domain 12 . 4) TDP-43 assembles into a functional amyloid in myogranules 3 , which displays a fibrillar morphology which closely resembles that of the amyloid with the β-turn β-hairpin conformation formed by the Q/N-rich region 6 . Both are recognized by the A11 antibody.
Finally, in addition to forming homo-oligomeric assemblies, TDP-43 interacts with Ataxin-2 13 and polyQ segments through its C-terminal region 14 , and also recruits Nucleoporins (Nups) into TDP-43+Nups co-aggregates in disease 15 . These interactions among Q/N-rich domains strongly suggest that hybrid amyloids are formed, which could resemble the recently determined structure of the RIPK1-RIPK3 human necrosome, where Q residues are key to RIPK1-RIPK3 assembly 16 . The structures presented here by Cao et al. undoubtedly reveal an important portion of the TDP-43 aggregate foldome, highlighting the role of the hydrophobic segment. Nonetheless, based on the considerations mentioned here, the role of the Q/N-rich region in pathologically relevant structures might well be more central. 
